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. Die Erfindung. bezieht sicfa. auf einen 
Wagenkasten, . insbesondere ,fur Eisenbahn- 
wagen und Omnibu&se, der aus mehreren an- 
einandergereihten, ringartig in sich ge-- 
5 schlossenen.Abschnitten besteht. Gemafi der 
Erfindung ist jeder der ringformigen A2>- 
schnitte wiederum unterteilt,. und'swar wird 
jeder der .Abschnitte aiis voneinander trenn- 
baren Teilen, einetiL Bodenteil, zwei Seiten- 
teilen und emem Dachteil^ gebildet Die er> 
findungsgemafieAusbildung.ermoglitht es, die 
Einzelteile' leicht auszutauschen, wenn dies im 
Falle einer Beschadigung erwunscht sein 
solite Oder wenn tnan bedsjpielsweise an einer 

dS Stelle, wo sich sonst eine Tur befand, nun- 
mehr einen Abschnitt mit einem Fenster oder 
einen voUkommen geschlossenen Waadab- 
schniit anzuordnen wunscht. 
^ Bei den bekannten Ausbildungen bildet 

ao. jeder ringformige Abschnitt eine zusanunen- 
hangende Einheit. Die Herausnahme einer 
derartigen Einheit bedeutet dabei eine Zertei- 
lung des. Wagenkastens in ziwei Halften. 
Auch nfussen bei .der bekannten Ausbiiduiig 

^45* gro£e verschiedenartige Einheiten -bereitge- 
halteri werden^ die eiitweder eine Tur- oder 
eine,Fensteroffnung oder ein Radgehause ent- 
halten. Bei dererfindungsgemafienAusbildung 
dagegen sind die verscbiedenartigen bereit- 

80^ zuhaltenden Telle verhaltnismafiig Idein, 
weil mit einem eine Tur oder ein Fenster 
Oder einen Radgehauseabschnitt enthaltenden 



Seitenwandteii* die bisherigen Boden- und 
Dachteile verbimden werden konnen. Bei *der 
erfindungsgemaBen Ausbildong kann auch 
durch Verlai^erung: der Seitenwande nach 
oben tuid durch Anordnui^' - von oberen Bo- 
denteilen in einfacher Weise ein zweistockiges 
Fahrzeug liergestellt werden. 

In der Zeichnung ist ein Ausfuhrungsbei- 
s^ael der EifindtEO^r dargest^t^ imd zwar 
zeigt 

' Fig. I eine sdiaubildliche Darsteltung 
eines Wagenkastens eines einstockigen Fahr- 
zeuges mit den' zusammengesetzten Einheiten 
Oder Abteilungen, 

Fig 2r.. eine schaubildliche Ansidit der 
einz^nen Telle vor iHr^tn ZusammenbaAii 

Fig. 3 eine vexgrdfierte schaubildliche Tell- 
ansidit im Schnitt, bei der einige Teile aus- 
geschnitten sind, um' die Bauart deutUch er-* 
kenooi zu: lassen,. imd bei der '^femer em 
Seitenteil entfemt ist. 

Fig. 4 einen Schnitt durch die Verbindung 
zwischen den einzelnen Teilen, 

Fig. 5 einen Sdmitt gemafi Linie 5-5 der 
Fig. 4 imd 

Fig. 6 eine schaubildiiche Teilansicht eines 
Winkels," tim die Seitenteile mit den Langs- 
tragem zu verbinden. 

Jeder Abschnitt besteht aus einem Boden- 
teiM, zwei Seitenteilen B oder F und einem 
Dachteil C. Jeder Seitenteil B besteht aus 
einer auBeren Verkleidung oder einem Prefi- 
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stuck II, das in dem oberen Teil mit der 
Fensteroffnung 12 versehen uad mit den senk- 
rechten Kanten an nach auBen ofFenen rinnen- 
formigen StutzeniS- (Fig* 4) befestigt 1st. dj^.i 
5 sich uber die ganze Lange der Verkleidu^y^ 
' erstrecken. Die Kanten der Seitenwand si 
an gekropften Flanschen 14 der nach auBe!f<< 
offenen rinnenformigen Sttitzen 13 befestigt. 
Eine innere Verstarkungswand 15, aus der 
to zur Gewichtsersparnis Teile 16 ausgeschnitten 
sind, ist an den senkrechten Stutzen 13 be- 
festigt und ersti«ckt sich von der unteren 
waagerechtex Kante der Fensteroffnung 12 
bis zur Sitzhohe. Sie bildet au^waxts _ge- 
15 richtetc Streben 25 und cincn"Quertdl 26, die- 
die Rander der Innenseite der Fensteroffnun- 
gen 12 bilden. 

Der Bodenteil A besteht aus einer waage- 
rechten, gewellten oder ahnlich gefonnten 
20 Wand 17, die an ihren Querkanten mit nach 
auBen offenen rinnenformigen Teiien 18 ver- 
bunden ist. An ihrem Ende ist sie mit senk- 
recht angeordneten Wandenig verbunden, die 
an ihren oberen Kanten bei 20 zur Bildung 
der Sitztrager umgebogen sind. Zur seit- 
lichen Versteifung sind lilngsstreben 21 m 
bestimmten Zwischenraumen zwischen den 
rinnenformigen Teiien 18 befestigt, wahr^d 
die Wande 17 mit irgendeinem wider stands- 
fahigen FuBbodenbelag 29 bedeckt sind. Die 
verstarkten Bodenwande 17 sind so angeord- 
net, daO sie unmittelbar auf den FahrgesteU- 
tragem 27 aufruhen. 

Der Dachteil C enthalt einen Wandbau aus 
inneren und auBeren FuUwanden 22 und 23, 
die im Abstand voneinander angebracht sind. 
Die Wande sind langs ihrer Kanten an 
rinnenformigen, nach aaiflen offenen Teiien 
befestigt, und zwar in ahnlicher Weise wie 
der in Fig. 4 veranschaulichte Aufbau der 
Seitenteile. Die Wande sind" femer durch 
zwischengelegte Rippen 28 versteift._ 

Auf jeder Seite und am unteren Ende der 
Seitenteile 11 sind Tragecken 24 zum Be- 
45 festigen an den Quertragem 18 vorgesehen. 
Die Art der Verbindung der Seitenteile B 
untereinander und mit den Dachteilen C und 
dieArt derVerbindung der DachteileC unter- 
einander kann gleidi sein und durch die in 
den Fig. 4 und 5 dargestellten Verbindiingen 
hergestellt werden. 

Beim Zusammenstellen eines voUstandigen 
Wagenkastens kann naturgemaB der vordere 
Abschnitt oder Fiihrerstand J5 entsprechend 
den jeweiligen Bediirfnissen ausgebildet sein, 
wahrend die letzte Abteilung E gleichfalls ge- 
raafl den Erfordemissen und den einzelnen 
Abteilungen abweichend ausgestaltet sein 
kann. Zwischen dem vorderen Abschnitt 
und der letzten Abteilung D und B werden 
eine Mehrzahl von gleichartigen, unterein- 



ander austauschbaren Abschnitten zusanmitti- 
gestellt, die aus den Teiien -4, 5 und C be- 
stehen, wahrend zwecks Anpassung an die 
:^$iinterrader ein Teil F benutzt werden niuB, 65 
' ' ! im wesentlichen ahnlich wie die iabngen 
[ie ausgebildet ist, aber eine Radausspa- 

ig30 aufweist, wie sie in Fig. I und 2 

veranschaulicht ist. Die Seitenteile B konnen 
aus BlechpreBteilen bekannter Form gebiidet 70 
sein, wobei die Aufienwand 11 rund um die 
Fensteroffnung 12 bei* 31 umgebordelt ist, um 
dem Ganzen ein fertiges Aussehen zu geben, 
wahrend die Innenverstarkungswand 15 erne 
Abdeckleiste 31' aufweist, die die Fenster- 
-offnong r2~vollkammen-4imgibt. — Die-beiden 
senkrechten Seiten und die obere Seite des 
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Seitenteiles 5 sind an rinnenformigen senk- 
rechten Stixtzen bzw. an einem waagerechten 
Eckteil in gleicher Weise befestigt. Man er- 
kennt aus Fig. 4, daB die Aufienwand 11 und 
die Verstarkungswand 15 an ihren Randem 
umgebordelt sind. um sich den gekropften 
Flanschen 14 der Stutze 13 anzupassen. Am 
unteren Ende der rinnenformigen Teile ist 85 
z. B. durch PunktschweiBung ein rinnenfor- 
miger Halteteil 32 befestigt, der an seinen 
Kanten; bei 33 umgebogen ist. Die Flanschen 
33 sind in einer der Kropfung der Flanschen 
14 der rinnenformigen Teile 13 entgegenge- 90 
setzten Richtung umgebordelt. Die Flan- 
schen 14 und 33 bilden eine V-formige Rinne 
fiir einen noch spater zu beschreibenden 

Jeder Bodenteil der den gewellten Bo- 95 
den 17, die senkrechten Seitenwande 19 und 
den Bodenbelag 29 enthalt, ist durch Punkt- 
schweiBung an den nach auBen offenen rin- 
nenformigen Querteilen 18 befestigt.* Die 
Enden der Bodenflache 17 ruhen hierbei auf 100 
stufenformigen Flanschen 34 der Wand 19 
urid sind an diesen befestigt. Der Boden 17 
erhalt mit Hilfe einer Reihe. von rinnenformi- 
gen, nach oben offenen Langsstreben 21, die 
zwischen den nach auBen offenen rinnenfor- 105 
migen Teiien 18 befestigt sind, eine seitliche 
Versteifuhg. 

Jeder Seitenteil F kann beim Zusammentoau 
mit den iiblichen Verschonerungen oder Ab- 
deckungen vcrvollstandigt werden und mit 110 
einem Oberzug o, dgl. 35 versehen sein, der 
auf der Innenseite der Verstarkungswand 15 
befestigt ist. Die Seitenteile B und die Bo- 
denteile A werden mit Hilfe von Trageckai 
24 (Fig. 6) naiteinander verbunden, die "5 
L-formig ausgebildet sind und deren kurzer 
Arm 51 mit einer V-formigen Rinne versehen 
ist. Der lange Arm 52 ist in die senkrechten 
Stutzen 13 eingebettet und durch Bolzen be- 
festigt, wie im folgenden beschrieben werden lao 
wird. Das Verbinden lier einzelnen Teile zu 
einem Abschnitt und deren Verbindung un- . 
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tereinander wird in gleicher Weise ausge- 
fuihrt. 

Man erkeimt,_ daB ,beim._Zusammenbau_ 
zweier Abschnitte die nadi auBen offenen. rin- 
. 5 nenf ormigen Teile 13 mid 18 zusammen mit den 
Dacheckteilen sich voUstandigi nm den Ab- 
sohnitt herum erstrecken und einen KLasten- 
teilbau von hoher - Festigkeit xmd Dauerhaf- 
tigkeit bilden. Die Verbindung der Boden- 

10 teile kann mit Hilfe von Bolzen 36 bewirkt 
werden, die unmittelbar durch die QuerteUe 
18 hindurchgehen. \ 

Die Verbindung der Seitenteile B unterein- 
ander und mit den Dachteilen C und die Ver- 
bindung der Dachteile C xintereinander ist in 
^ Fig. 4 und 5 veranschaulicht. Die einander 
off en zugekehrten rinnenformigen T^le 13 
und 32 bilden eine kastenformige Stiitze in 
der Seite des Wagenkastens und einen kasten- 

2o formigen Kopfteil im Dach des Wagen- 
kastens, Die auBeren Wande 11 und 23 sind 
bei 37 mngebordelt und konnen ferner noch 
bei 38 mngebogen sein, urn eine V-fonnige 
Kante zu bilden, 4ie sich in die durcix die 

as entgegengesetzt umgebordeiten Flanschen 14 
nnd^3 der rinnenformigen Teile 13 und 32 
gebildete V-formige Aussparxing einbettet. 

Urn diese Teile fest miteinander zu verbin- 
den, ist ein streifen- und doppelkeilforaniger 

30 Verbindungsteil 40 vorgesehen, der im we- 
sentlichen H-formigen Querschnitt bat. Ein 
Befestigungsbolzen 42 durchdringt den Steg 
dieses Verbindungsteiles. Die Keile 41 grei- 
fen in die V-formigen Rinnen ein und Ziehen 

35 das Ganze beim Anspannen des Bolzens fest 
zusammen. * Die inneren und auBeren Strei- 
fen 40 sind einander gleich, Man erkennt, 
daB beim Losen des Bolzens 42 <iie Verbia- 
. dungsstreifen entf emt werden konnen und 

40 daB der> Teil abgehoben werden kann, ohne in 
irgendeiner Weise auf die angrenzenden Teile 
Oder auf die Verkleidiingen oder Abdeckuxt- 
gen einauwirken..' 

Um eine Bew^gung der Haltebolzen 42 

45 and hiexdurch ein Ellappem und Quietschen 
zu verhindem, sind diese Bolzen in Gehausen 
Oder Futtem angeordnet,. die mit den Stutz- 
oder Eckabschnitten der Teile aus einem 
Stuck bestehen. Man erkennt aus Fig. 5, daB 
so der rinnenf ormige Teil 32 in bestimmten Ab- 
stahden seiner Lange zii wesentlich dreiecks- 
fdrmigeo, nach au&en stehendeii Teilezi 43 
ausgobildet ist, deren Dreiecksspitze mit einer 
halbzylindrischen Eindrucikang 44 versehen 
55 ist, so daB beim Aneinanderstofien der Abtei- 
liingen die zusatzlichen Eindnickungen 44 
ein zylindrisches Lager fur die Bolzen 42 
bilden. Auf diese Weise wird eine Bewegung 
zwischien den Abschnitten- venhindert. Die 
60 Bolzenkopf e 45 konnen mit einem verzieren- 
den Abdeckformstuck 46 bedeckt sein. 
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Keinerlei holzeme Verdeck- oder Abdeck- 
stiicke sind notwend^g. Hierin liegt ein Vbr- 
-teil, ~insbesondere-f iir solche -Wagen, die in 
tropischem Klima gebraucht werden, bei dem 
Holz einschrumpft oder verfallt und H^n 
Wagenkasten im wesentlichen.wertlos macht. 

Da jeder Abschnitt fiir sich selbstandig 
hergestellt wird, wird der gering^e Lager- 
raum benotigt, wahrend bei nicht iKytwendi- 
gem ortlicbem ZTisammenbau die fiir die Ab- 
schnitte benotigten Teile leicht v^tsandt iwyl 
ohne Schwierigkeiten an dem entfemtea- Ort 
zxisammengebaut werden konnen, 

Femer konnen jedem Wagenkasim als 
Ersatzteile eine oder mehrere Abschnitte^zu^" 
geteilt sein fiir Auswechselungszwecke im 
Falle einer Beschadigung. 

Wie bereits erwahnt, kann die Vorderseite 
des Wagenkastens entsprechend den verschie- 
denen Anf orderungen ausgebildet und -herge- 
stellt sein. Sie kaim aber auch in der 
ublichen Ausfuhrung der Bauart der Ab- 
schnitte ahnlich sein. Auch der Schlufiteil 
kann verschieden oder in einer Serienform 
ausgebildet sein. Hlerbei ist die Befestigung 
der Vorderwand und der SchluBwand mit 
den Abschnxtten dieselbe, wie sie bei der Ver- 
bindung der Abschnitte untereinander benutzt 
worden ist. Der Bau und das Zusammenset- 
zen der Abschnitte kann-mechanisch erfolgen, 
um Irrtiimer auszuschlieBen; die Teile konnen 
auch vor dem Zusammenbau zum -voUstandi- 
gen Wagenkastea mit Farbe versehen und 
auch sonst vollstandig fertiggestellt sein. 

-£s ist zu beachten, da6 die Teile 
Absdmittes statt aus Blech\randen auch aus 
plastischem Material gefbrmt sein konnen. • 

PATElTTAKSPEijCHE: ^OO 

1. Wagenkasten, insbegogaidCTe fiir Eisen- 
bahzLwagen. taid Omnibusse, der * aus 
mehrerenaneinandergereihten,ringartig in 
sich gescMossenen Abschnitten besteht, 105 
•dadurch gekemizeichnet, daB jeder der 
Abschnitte aus voneinander trennbaren 
Teilen,: einem Bodenteil 0^)* zwei Seiten- 
t^en (Seder tmd einem Dachteil (C), 
gebildet wird, so. da£ diese Einzel teile 110 
leicht austauschbar sind. 

2. Wagenkasten nach Anspruch i, da- 
durch gekennzeichnet, daB die gewellte 
Oder ahnlich geformte Grundplatte (17) 
des Bodenteiles {A) auf senkrechten seit- 115 
lichen Wandteilen (19) aufruht und mit 
diesen sowie langs ihrer quer verlaufenden 
Sander mi<t zwedkmafiig nach auBen o:ffe- 
nen rinnenformigen Gliedern (i8) ver- 
bunden ist, wobei zwischen diesen Glie- lao 
dem (18) Langstrager (21) eingefiigt imd 
gegeben^ifalls mit den quer verlaufenden 
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Wellen 'der Grundplatte(i7) verbunden 
•siitd. , J 

3. Wagenkasten nach Ansprucha, aa- 
durch gekennzeichnet, daB- die mit der 
Grundplatte (17) verbundenen Seten- 
wandteile (19) langs flirer oberen waage- 
rechten Rander zu Sitztmterla^en (20) 
abgebogen sind. 

4. Wagenkasten nach Ansprucn i, 2 
Oder 3, dadurdi gekennzeichnet, dafi die 
zur Bildung der auBeren Wandungen (11 
bzw. ^2) vmd der inneren Wandungen (15 
bzw. 23) der Seiten- und Dacbteile die- 

nenden geprefiten Blechtafeln langs ihrer 

den benachbarten Dachteilen oder senk- 
rechten Wandteilen zugewendeten Ran- 
der an seitlich offenen riimeiifdrmigea 
Pfosten Oder Tragem (13. Fig- 4) be- 
festigt sind, wobei die Seitenwandteile die 
Verglasung und die Polstening umfassen 
^und wobei zwischen den Randpfosten oder 

-tragern Langstrager (28) eingefngt sind. 

5. Wagenkasten nach Ansprucha oder4 
ohne besonderes Traggerippe, dadurch 
gekennzeichnet, daB die rinnenformigen, 
langs, der Rander der einzelnen Teile iA, 
B, C, D, E, F) vorgesehenen Pfosten oder 
Trager (13, 18) unmittelbar aneinander- 
stoflen und langs- bzw. quertrager- und 
querspantenartige Gebilde onit kastenfor- 
migem Querschnitt bilden. 

6. Wagenkasten nach Anspruch S, da- 
durch gekennzeichnet, daff die Rander be- 



nachbarter TeUe (B, Q A ^) *irch auBere 
und innere, durch Vorsprunge oder Ver- 35 
tiefungen in Eingriff tretende metallene 
Leisten (40) und Bolzen (42), die die 
Kastenwandung vollstandig durchdrin- 
gcn, miteinander verbunden sind. 

7. Wagenkasten nach Anspruch 6, da- 40 
durch gekennzeichnet, dafi die Pfosten aus 
ineinandergepaBten rinnenformigen Glie- 
dern (13, 32, Fig. 4) bestehen. von deren 
Randem zwecks Bildung von nach auBen 
offenen V-formigen Rinnen in entgegen- 45 
gesetzter Richtung Flanschen (14. 33. 
Fig. 4) abgebogeii sind, und daB in die 
nach auBen oifenen Rinnen die Verbin-^-^ - 
dungsleisten (40) mit keilformigen Rand- 
abschnitten (41) eingreifen. 5o 

8. Wagenkasten nach Anspruch 6 oder 7, 
dadurdi gekennzeichnet, daB die Bolccn 
(42) durch buchsenartige, an den anein- ' 
anderstofienden Randem der Teile ausge- 
bildete Lager (44) hindurchtreten uhd 55 
dadurch die Teile gegen gegenseitige Vcr- 
schiebung in der Langsrichtung der anein- 
anderstofienden Rander sichem. 

9. Wagenkasten nach Anspruch 8. da- 
durch gekennzeichnet, daB die Lager (44) 60 
fur die Bolzen halbkreisformig ausgebil- 
det sind, so daB sie zusammen ein kreis^ 
foraniges Lager fur den Bolzen bilden und 

in Form von dreieckformigen Abbiegun- 
gen mit halbkreisformig eingedriicktef «5 
Spitze ausgebildet sind. 
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COMPLETE SPECIFICATION 
Improvements relating to Calculating Apparatus 



We, The National Gash BeoisTEa 
Company, of Dayton, in the State of OMo, 
and Baltimore, in the State of Maryland, 
United States of America, a Company 
5. incorporated under the laws of the State 
of Maryland, United States of America, 
do hereb;^ declare the nature of this inven- 
tion and in what manner the same is tb he 
performed, to be particularly described 
10 and ascertained in and by the following 
statement:— 

This invention relates to calculating 
apparatus, and is particularly concerned 
with electronic apparatus in which a pro- 
1^-duct is obtained as a result of the repeated 
addition of a multiplicand factor in 
accordance with the value of a multiplier 
factor. 

In accordance with one feature of the 
invention, an electronic multiplying 
apparatus includes a multi-denomina- 
tional totalizer with transfer means be- 
tween the denominational elements there- 
of, a cyclically operating impulse genera- 
tor having associated therewith multi- 
plicand selective devices wlich are 
selectively operable in accordance with 
the di|rital values of the order& of the 
multiplicand to direct impulses relative 
80 *o said values simultaneously into selected 
elements of the totalizer during each 
cycle of the generator, means operable 
after the completion of a cycle of the 
generator for initiating a transfer cycle 
86 through all elements of the totalizer, and 
means responsive to the conclusion of a 
transfer cycle for automatically initiating 
a further entry cyde of the impulse 
generator. 

40 In accordance with a further feature 
the invention consists in the provision of 
a cyclically operating impulse generator, 
which is caused to be operated in a suc- 
cession of impulse generating cycles, the 

46 number of which is in accordance with the 
v alue of a multipli er, under the control of 
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a mul^pher unit, and at each cycle to 
transmit inipulses aig^ficant of the values 
of all digits of the multiplicand simul- 
taneously ta respective selected denomi- 
national elements of a multi-denomina- 
tional totalizer having, between the 
elements thereof, transfer means which 
are adapted to be potentialised during 
ffl^try^ operations subsequentiy to effect 
trMisfers, and in which entry operations 
are adapted to be suspended at the end of 
each entry cycle until the transfer of all 
digits by potentialised transfer elements 
has been effected, after which th© multi- 60 
plier unit is caused to effect a further 
cycle of the impulse generator in response 
to the completion of the transfer. 

A still further feature of the invention 
consists in the provision of a cyclically 65 
operating impulse generator, a multi-de- 
nominational totalizer adapted to receive 
trains of impulses from the generator 
significant of the value of a mulfiplicand, 
at each cycle of the generator, in several 70 
selected denominations thereof simultane- 
ously, adjacent elements of the totalizer 
having transfer means therebetween ' 
which are adapted to be potentialised for 
subsequently effecting transfers into the 76 
element of the next higher order when an 
element of the lower order passes through 
zero, and transfer control means operaHe 
at the completion of each cyde of the im- 
pulse generator to cause potentialised 80 
transfer means to effect the transfer of 
units seriatim between the elements from 
the lowest to the highest orders thereof, 
and also to initiate a further cyde of the 
impulse generator when the cycle of 85 
transfer operations has been completed. 

A further feature of the invention con- 
sists in the provision of a multiplying 
apparatus in which a product is obtained 
as a result of repeated entries, each rela- 90 
tive to a multiplicand, into a multi-de- 
nominational totalizer having transfer 
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means between the denominational ele- 
ments tkereof , and including a <^chcaUy 
operating" impulse generator for transnut- 
tW impulses significant of tte value of a 
6 miStiplicand to selected elements of the 
totalizer simultaneously at each entry 
cycle, means operable after each entry 
cycle to effect a transfer cycle through all 
elements of the totalizer, a multiplier 
10 unit controlling the number of entry 
cycles to be performed by the impulse 
generator in respect of each denomination 
of the multiplier and operable in response 
to the completion of each transfer cycle 
15 to initiate a further entry cycle of the 
impulse generator, and a control "U^t 
operable as entries in respect of each de- 
nomination of the multiplier are com- 
pleted to cause the multiplier unit to . 
20 control the next series of cycles of the 
impulse generator in accordance with the 
nest higher demonination of the multi- 
plier and also to operate a distributor unit 
whereby the impulses of the said nest 
25 series are directed to the elements of the 
totalizer of the respective nest higher 
orders to those in which the former entries 
were registered. . 
These and other features of the mven- 
80 tion will be described in the following 
description "which describes, by way Df - 
example, one method by which the inven- 
tion may be carried out in practice. 
The description should be read in con- 
35 junction with the accompanying draw- 
ings, in which: — 

Mg'. 1 is a box diagram for use in cor- 
relating the remainder of the figures by 
showing the inter-figure connections. 
40 Fig. 2 shows the multiplicand impulse 
generator and the multiplicand keys con- 
trolling it. . 

Fig. 3 shows the multiplier unit and 
the 'multiplier keys controlling it. 
46 Fig. 4 shows flie denominational dis- 
tributor unit. 
- • Fig. 5 shows the stage control unit. 

Kg. 6 shows the xinits and tens banks 
of the accumulator. 
60 Fig. 7 shows the hxmdreds and thous- 
ands banks of the accumulator. 

Fi^. 8 shows the tens of thousands and 
hun^eds of tiiousands banks of ihe 
accumulator. 

65 The MuLTiPLicAirD Unit. 

. Referring to Fig. 2, the Multiplicand 
Unit includes nine digit-representing 
ffrid-controlled gaseous discharge electron 
libes, numbered " 1," "2,;/ 3 " ;; 4,;; 

00 "5/* *'6,*' "7," "8," and "9/' 
arranged in a potential supply and opera- 
tive network so that, if a tube of lower 
value is fired and rendered conducting, 
the remainder of the tubes of higher value 



will be automatically rendered conduct- 65 
inff one at a time in sequence, ending 
with the tube repesenting " 9/* If a 
positive electric impulse is impressed on 
terminal 100, it will cause the V 1 tube 
101 to become conducting, which act m 7U 
turn causes the " 2 " tube 102 to become 
conducting, and so on until the 9 
tube 103 is rendered conducting, after 
which the " Transfer Initiator " tube 104 
is rendered conducting. Each of these 76 
conducting tubes almost immediately be- 
comes extinguished in a Tuanner to be 
explained. As each di^it tube or the tube 
104 fires, its cathode becomes more posi- 
tive in potential, due to a resistance in au 
each cathode supply circuit, and such rise 
in potential is used as a positive potential 
impulse impressed on an associated out- 
put conductor, such as conductor 105 
associated with the 1 tube. The posi- 80 
tive impulse of the " Transfer Initiator 
tube 104 is impressed on conductor 106. 

Each impulse output conductor, like 
conductor 105, is connected through a 
rectifier like rectifier 107 to a tei-mmal 
point like point 108, said rectifier being 
oriented to pass positive potential 
impulses originatinjy at the associated 



cathode toward the point I^>^'\, o,^ 
not in a reverse direction. Points 
like points 108 and 109, connected 
to the cathode of the " 2 tube through 
rectifier 110, are connected by a rectifier 
like rectifier 111 oriented to pa^s positive 
potential impulses from point 108 toward lUU 
point 112 but not in a reverse direction. 
Rectifiers like rectifiers 107 and 110 are 
provided to prevent dissipation of pro- 
duced impulses among the nine cathode 
supply systems. "-"^ 

Anode potential is supplied to the tubes 
of Eig. 2 from a llo-volt positive source 
113 through resistor 114 of 250 ohms, 
point 115, resistor 116 of 500 ohms, and 
point 117. Point 115 is coupled to ground 111 
through ,5-microfarad stabilizincr capaci- 
tor 118. The anode of " Transfer Initi- 
ator " tube 104 is connected to point \u 
directly, and the anodes of the digit-repre- 
senting tubes are connected to nomt 117 lit 
through a 3,500-ohm resistor 119. 

The cathode of the " Transfer Initi- 
ator " tube 104 is coupled to ground 
throuqrh 50,000-ohm resistor 120 in 
parallel with .001-microfarad capacitor 121 
121. Each of the cathodes of the digit- 
representing tubes is coupled, as shown 
wUh regard to the " 9 " tube 103, on one 
side to ground through a 1 5, 000-ohm re- 
lator like resistor 122 in parallel with a 121 
.001-microfarad capacitor, like capacitor 
123, and on the other side to negative 
150-volt conductor 124 thi-ough a 150,000- 
ohm resistance, like resistor 125, a point 
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like point 126. and a SOO.OOO-ohm resist- 
ance like resistor 127. 

T »® f except the 

= -4.1: lOl-ia-biased-by-ooimection to 

5 the cathode supply network of the pre- 
jiouB tube of the series. Thns the 
Transfer Initiator " tube grid 128 is 
eonnectPd through 500,00(M)hm resistor 
129 and point 130 to point 126. In a 
10 similar manner, grid 131 of the " 9 " 
tube IS connected through SOO.OOO-ohm 
resistor 1^ and point 133 to point 134 in 
the cathode supply circuits of the " 8 " 
tube 135. 

Each digit tube grid, exceptinff the 
gnd of the 1 " tube, is coupl^^rough 
a point, like point 133 of the " 9 " tube 
gnd supply, to negative potential supplv 
20 124 through a^OOl-microfaSl 

20 timing capacitor like capacitor 136. 
I'^ransfer Initiator " tube grid 128 is 
connected through point 130 and .001- 
miMofarad capacitor 137 to ground. 
OR ™ « we for timing only, pre- 

26 venting the too rapid firing of the tub^ 
sequence. Obviously. 4 " 1 Zbe 
101 needs no such timing device because 
It IS th© first tube to fire. 

m- h»P^ i' 1 " « biased by 

^n^^nn"^^ through resistor 138 of 
500.000 ohms to point 139. which is con- 
nected on one side through 50,000-ohm re- 

thJ"' ^^"^^ °^ ottei- side 

through 250,OOOM)hm resistor 141 to nega- 
35 tire supply conductor 124. 

under the circumstances given, the 
cathode of " 1 tube 101 is normaUy at 
about 5 .volts negative with rbspect to 
An ^T"^' " ^^'^t 25 volts iegative 

^ ^ SroymA, and the anode is 

about 115 volts posifave with respect to 
ground The other digit tubes of^ig. 2 

St- T^'Yl*''® '"^^ anode-cathode 
potentaal but have a normal grid poten- 
45 taal of about 60 volts negative with re- 
spect to groimd. The " Transfer Initi. 
ator " tube 104 has the same grid and 

* q"lf,?^^*'^*i.^^ tte tubes ^'1" to 
», dut Its cathode is connected onlv to 
^ 'innecessary to provide a 

potential-dividing network for grid-prim- 
lug another tube, it being the last tute of 
tae senea to fire. 
^ A poeitiTe potential impulse of suffi- 
cient potential to fire the " 1 *' tube 101 
18 supplied to input terminal 100 (see Fig. 
3 for its origin) whenever the impulse 
generator of Fig, 2 is to be given a oyde 
«A ^S?^?x^°i^- S?^^ impulse comes from 
60 the Multiplier TJnit shown in Fig. 3 and 
to be described hereafter. As the " 1 " 
tube 101 fires aAd becomes conducting 
the anode supply conductor 143 dueto 
resistors 114, 116, and 119. drops in poten. 
65 tial to within about 15 volts of ihe normal 
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cathode potential of 5 volts negative as 
cathode-ground capacitor 142 charges. As 
-Jt^i^'^'/^J ^*^^^J?^8_cha^^ the^poten.. . 
tial of the caihode of the '^1 " tube rises 
to a point determined by the resistors 114, TO 
116, and 119 in the anode supply circuit, 
the pot^faal drop of 15 volts Vthin the 
tube and the cathode resistors 144 14S 
and 146. llius the cathode o?''!^'- Ithe 
iUl rises from 5 volts negative to about 77 76 
volts.positive with respect to ground im- 
pressing an impulse on point 108. Point 
147 changes from 50 volts negative to 
about 1 volt positive, and the g^ pote2 
H™ J* 1 ^ during^ Sis 80 

tames rises to a point where the " 2 " 
tube fires and becomes conducting. The 
anode supply conductor dips in ^tential 
to about 10 vo ts as the associated cathod^ 
ground capacitor charges, causing X 86 
extinguishment of the 1 » tube 101 al 
its anode potential drops bJow th^ 
cathode potential, which U m^ JtarUy 
maintained at about 77 volts W the 
charge in capacitor 142. In the samTman 

1 VI 9 " sucoessivd'v 

each tube as it fires extinguishii^ the we' 
ceding tube of the series^ ^'' Trlm- 
fer Initiator " tube 104 then fees. il£ 95 
Soi' «=o^f ted to point 126 in 
cathode supply circuit of " 9 " tube 103 
This extinguishes the " 9 " tube as^^ 
potential of point 117 drops to 10 volte 
Ttho?*^^'^ . • «^?*«=ito/ 121 in ie 100 
cathode supplv circmt of the " Transte 
Initiator " tube 104 is charging. 

in A ^*7e 4.260 ohm resistance 

«»ro«it. due to resis- 105 
T^?«¥*'»lf^,' 119. the "TraMfer 

in^ '""Pf-^y H^'*^*. amount- 

reLto/n r'^T' "'^ "'^ly the 500-ohm 
resistor 116 between it and the .S-jauoro-llO 

cantei o\*°? • ^ a resnlt. wMe 

capacitor 121 m charging, there is a very- 
high current flow through the " TraS 
Wtor" tube.104. which is aWly 

Th^M.^^.^Ff'^I 121 ^^'^'^^^ charged 116 
The distnbuted inductance in the suppi; 
cttcuifs for this tube, as the cuii^nt 
Bwldenly reduces, causes an oscillatorv 
me in potential of the cathode, a^ 
momentarily tiiere is a cessation of cur- 120 
rmt flow m the tube, causing it to self- 
extinguish. However, durii^ itT W 
POTiod of conductivity,, it produces a posi- 
tave potential impu se on output conduo- 
ta^ lOfrand teimianl 148 (see also Kg. 6). 126 
,i°l*»ates a discharge in " TiZatm 

of whidi will be explained, 
"fl.tf.???.^^. Generator digit tubes 
i to 9 (Fig. 2) fire successively, 180 
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the cathode rise in potential of each is 
impressed on associated points such as 
points 108 and 109, all bein^ P^P^S^H! 
in one direction toward point 11-5. ^ it 
R follows that point 108 receives one im- 
pulse, point 109 receives two impulses, 
point 150 receives three impulses, and so 
on. point 112 receiving? nine inigulses. 
For each impulse-receiving point suen 
10 as point 150, there is provided, a conduc- 
tor such as conductor 152, provided with 
a plurality of key switches, m this em- 
bodiment three in number, 153, lo4. and 
155. Swith 155 represents three m the 
,c units decimal denomination 10" and, 
when operated, connects conductor 152 to 
output conductor 156, representing the 
lO*" denomination. Similarly, switch lo4 
represents three in the tens decimal de- 
Oft nomination 10^ and, when operated, con- 
nects conductor 152 to the output conduc- 
tor 157, representing the 10' denomina- 
tion Switch 153 connects conductor lo2 
to output conductor 158, representing the 
25 hundreds denomination 10*. Therefore it 
is possible to operate a key in each selected 
denomination, and, when the digit tubes 
" 1 " to *' 9 " operate a cycle by firing 
in succession, the various output conduc- 
Qft tors receive a number of impulses corre^ 
ponding to the value of the associated 
operated key. Resistors of JOQ,000 ohms 
such as resistor 159 connect each output 
conductor to ground to permit recovery of 
35 the conductor after receiving an impulse. 
Repeated cyclings of the impulse gener- 
ator, assuming that the selected keys are 
kept operated during such cyclings, result 
in the same pattern of impulses being re- 
40 peatedly impressed on output termmals 
160, 161, and 162 (see also Fig. 4). One 
* cycle of the impulse generator corresponds 
to a single entry of the multiplicand fac- 
tor which is directed by the Denonuna- 
Afi tional Distributor of Fig. 4 to the Accu- 
^ mulator of Figs. 6, 7, and 8 by i^^eans of 
terminals. 170, 171, 172, 173 and 174 
(Figs. 4, 6, 7, and 8) according to the 
stage of the multiplying operation, which 
60 is determined by the Stage Control unit 
of Fig. 5 in its effect on terminals I, II, 
andlil(seeFig.4also). The Stage Con- 
trol unit of Fig, 5 at the same time de- 
termines which digit of the multiplier f ac- 
55 tor set up on the keys of the Multiplier 
unit of Fig. 3 controls the recycling of 
the Impulse (renerator of Fig.,-. 

It is obvious that the impulse impressed 
on terminab 160, 161, and 162 by the 
60 firing of the " 1 tube 101 will occur 
at the same time (assuming a key to have 
been operated in each bank) and the ^me 
is ti-ue for the output on each digit tube. 
It is obvious, therefore, that impulses 
65 occurring on the several conductors 156, 



157, and .158 simultaneously are sent to 
the accumulator, and entry of data in the 
several orders of the accumulator may be 
going on simultaneously, necessitating a 
pause between each cycling of the impulse 70 
generator to give time for transfer of 
carry-over date. 

Carry-over data in the accumulator is 
transferred successively by denomina- 
tions, commencing with the lowest denom- 75 
ination, and the transfer operation occur- 
ing between cycles of the impulse gener- 
ator is initiated by the " Transfer Initi- 
ator tube 104 (Fig. 2), which sends a 
transfer starting impulse over conductor 60 
106 and terminal 148 (see Fig. 6) to the 
10° denomination of the Accumulator. On 
completion of the transfer operation an 
impulse is impressed on terminal lio (see 
Figs. 3 and 8). which, through the Multi- 85 
ulier rnit of Fig. 3, causes a recyclin*- of 
the iV^lse Generator (Fig. 2) through 
a positive impulse impressed on teraiinal 
100 (Fig, 2) through capacit^^^^^ 
.00002 microfarad to the grid of the 1 WU 

*^Therefore, the Multiplicand XTnit of 
Fig 2 always stands ready to issue a 
selected number of impulses, as detor- 
mined bv the operated Multiplicaud keys, 95 
on each of output terminals 160, 161, and 
162, when a positive impulse is impressed 
. on terminal 100. . , • 

Capacitors, like capacitor 177, oefore 
described, of .001 microfarad slow down lUC 
the operation of this impulse producer to 
about 10,000 impulses a second, and there- 
fore one cycle of its operation of the ten 
tubes consumes about .001 of « sj^ond. 
The Accumulator functions much faster, 105 
the difference in speed being deliberately 
provided so that the generated impulses 
will not exceed in speed the acceptance 
rate of the Accumulator. . 

It will be readily perceived that there ll( 
can be as many key banks in the Multi- 
plicand Unit as desired without increas- 
ing the number of tubes. 



The DBNoiinTATioNAi. DisTEprrou. 

As stated before, the particular em- 111 
bodiment of this invention discloses three 
multiplicand denominations and three 
multiplier denominations. 

In ttie Denominational Distributor unit 
shown in Fig. 4, the three horizontal rows 121 
of tubes represent the multiplicand de- 
nominations, and the three vertical 
columns represent the three multiplier 
denominations. , 

Thus, tubes 180, 183, and 186 represent 121 
the units multiplier denomination, tubes 
181, 184, and 187 represent the tensmulti- 
plier denomination, and tubes 18^ 150, 
Mid 188 represent the hundreds multiplier 
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5 



10 



16 



denomination. For purposes of conveni- 
ence, these units, tens, and iLundreds de- 
nommations ^e termed sta ges I . II, and_ 
III. respectively. 

Tubes 180, 181, and 182 represent the 
hundreds multiplicand denomination, 
tubes 183, 184, and 185 represent the tens 
multiplicand denomination, and tubes 
186, 187, and 188 represent tite units 
multiplicand ^enomiination. These hare 
been denominated as 10^ lOS and IV de- 
nominations, respectively. 

Output tCTminals are provided, as has 
been described, representing 10°, 10*, 10*, 
10', and 10^ denominations and are num- 
bered 170, 171, 172, 173, and 174, respec- 
tively. 

An impulse issuing from the impulse 
generator and impressed on terminal 160 
20 is arranged to fire either tube 1^6, 187, or 
188, depending on which one of sUige con- 
trol terminals I, II, or III is ener^ed. I 
terminal 190 energizes or primes tubes 
180, 183, and 186; II terminal 191 primes 
25 tubes 181, 184. and 187; and III terminal 
192 primes tubes 182. 185, and 188, If I 
terminal 190 was primed as the impulse 
was received an terminal 160, represent- 
ing 10° power of the multiplicand, then 
tube 186 would fixe and become conduct- 
ing and in so doing would issue an im- 
pulse on diagonal output conductor 193, 
ending in 10° terminal 170, which is the 
input to the 10° denomination of the accu- 
mulator (see Fig. 6). If. instead, the II 
terminal were primed, the tube 187 would 
fire and the output would be on conductor 
194, connected to the terminal 171, which 
is the input to the 10* denomination of the 
accumulator. If the III terminal 192 
were primed, the tube 188 would fire and 
the outj)ut would be on conductor 195, 
which 18 connected to the terminal 172, 
which is the input to tile 10* denomina^ 
45 tion. 

It will be seen that conductor 193 has 
only the cathode of tube 186 connected 
thereto, conductor 194 has the cathode of 
tubes 183 and 187 connected thereto, con- 

60 ductor 195 has the cathodes of tubes 180, 
184, and 188 connected thereto, conductor 
196 has the cathodes of tubes 181 and 1S5 
connected thereto, and conductor 197 has 
the cathode of tube 182 connected thereto. 

56 The followiim- table discloses the routine 
of the impulses in different siages of a 
multiplying operation. * 



30 



35 



40 



Generated 
Impulses 
Impressed pn^ 
lerminal 



Distributed 
jbo Aceomulator 
Terminal 



. Stage I 

160— 1Q<» 170^10° 

161— 10* 171— 10* 

162— 10« 17)&^10« 

Stage II 

160— 10° 171—10^ 

161— 10» 172— 10» 

162— 10» 173—10' 
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16^--10» 

161— 10* 

162— 10* 



Stage ni 



172— 10« 
17a— 10> 

174r-.10* 



70 



Each of the Denoiuinational Distribu- 
tor tubes is arranged in a circuit that 75 
makes it self-extii^Qra^h if it fires, just 
fs J^as explained in connection vnih the 

Transfer Initiator '* tube 104 (Fig.. 2). 
All the tubes connected to the same dia- 
gonal output coixductar have the eame' 80 
cathode supply circuits. The cathode of 
tube 186 is connected to ground by 50,000- 
ohm resistor 198 in parallel with .0005- 
niicrof arad capacitor 199, The cathode is 
also coupled to the output terminal 170 86 
by the .Ol-microfarad capacitor 200. 

In a similar manner, the cathodes, of 
tubes 183 and 187 are connected to ground 
through resistor 201 in parallel witii cap- 
acitor 202, and coupled to terminal 171 90 
by capacitor 2(^0. The other cathode 
connections are similar and can be traced 
as follows: the cathodes of tubes 180, 
184, and 188 are connected to ground by 
resistor 203 and capacitor 204, and 95 
coupled to terminal 172 by capacitci 205; 
the cathodes of tubes 181 and 185 are con- 
nected to ground by resistor 206 and cap- * 
acitor 207, and coupled to terminal 178 
by capacitor 208: and tube 182 is con- 100 
nected to ground by resistor 209 and cap- 
acitor 210 and is coupled to terminal 174 
by capacitor 211. 

The anodes of aU the tubes in a hori- 
zontal row are supplied from the same 10& 
terminal. For instance, the anodes of 
tubes 180, 181, and 182 are supplied with 
75 volts positive potential from source 21k, 
through resistor 213 of 250 ohms, point 
214, and resistor 215 of 500 ohme.' Point 110 
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214 is coupled to ground tkrougli capaci- 
-tor -216 of .l-microfarad._Bi^A. su3aila^^ 



iermiu^l 217 supplies " anode 
potential to tubes 183, 184 and 18a, and 
5 terminal 218 supplies anode potential 
to tubes 186, 16T, and 188. With 
tkese circuit elements, when a tube fires, 
it automatically extinguishes because of 
the high initial current followed by an 
10 oscillatory rise in cathode potential as the 
associated cathodergrqund capacitor be- 
comes charged. As a tube fires, the posi- 
tive rise in. cathode potential is impressed 
on the associated output conductor. 
15 The grids of all the tubes are normally 
heavily biased by. reason of potential 
applied from the stage control unit of ,£jo- 
5. Thus the tubes 180, 183, and 186 (Pig. 
4) obtain their grid bias from I terminal 
20 190 (see also Eig. 5): tubes 181, 184, and 
187 obtain their grid bias from terminal 
191; and tubes 182, 185, and 188 obtwii 
their grid bias from terminal 192. This 
normal grid bias is 80 volts negative, but 
25 is relieved to 35 volts negative when in 
the primed state. Eor example, under 
normal circumstances, when stage I of the 
multiplying operation occurs, terming 
190 changes from 80 volts negative to 35 
30 volts negative, which change is impressed 
on the grids of tubes 180, 183, and 186 
each tlm)ugh a 500,000-ohm resistor, like 
resistor 219, a point like point 220, and 
and a 50,000-ohm resistor, like resistor 
35 221. Points like point 220 are coupled to 
the associated input conductor. 
point 220 is coupled to conductor 222 
through a .00002-microfarad capacitor 
223. If an impulse signal is received over 
40 any of terminals 160, 161, and 162 while 
I terminal 190 is primed, the correspond- 
ing ones of tubes 180, 183, and 186 wiU 
fire and self-extinguish, each firing of a 
tube passing on an impulse to the associ- 
45 ated output conductor. Terminals I, II, 
and III are rendered primed in sequence 
by the Stage Control U nit, and each stays 
primed until the Impulse Generator oper- 
ates a number of times equal to the value 
50 of the corresppnding operated multiplier 
key switch. 

Stage Conteoi*. 
The Stage Control is shown m Fiff. 5 
and comprises a start tube 250 and three 
56 stage control tubes I, II, and III, num- 
. bered 251, 252. and 253, respectively. 
The cathode of Start tube 250 is con- 
nected to ground through 50,000-ohm re- 
sistor 254. Its grid is connected through 
60 50,000-ohm resistor 255 to points 256 and 
257. Point 257 is coimected on one side 
through 500,000-ohm resistor 258 to nega- 
tive 150-volt supply conductor 259, and 
on the other side through 350,000^ohm re- 



sistor 260, point 261. 5000-ohm resistor 65 
262 point 263, 250-ohm resistor 264, to 
Start "Xey~Switch--.265. which when 
closed, makes contact with llo-volt posi- 
tive potential terminal 266. Point 263 is 
coupled to ground by .5-microfarad cap- 70 
acitor 267 for stabilizing purposes, and 
point 256 is coupled to gro^d by .01^ 
microfarad capacitor 268. When capaci- 
tor 268 charges, as key 265 closes, the grid 
of Start tube 250 loses control, and the 75 
tube fires, causing a potential rise at its 
cathode which is impressed on point 2iU 
through .00005-microfarad capacitor 2 i l. 
The anodes of tubes 251, 252, and 2o3 
receive their potential from point 203 80 
through 3,000-ohm resistor 272. During 
the slight delay of perhaps .001 second, 
while Start tube 250 is firing, the poten- 
tial supply network of the 1, II, and iii 
tubes 251, 252, and 253 become stabilized, 85 
as do the bias voltages delivered to the 
grids of the tubes of Denominational Dis- 
tributor of Fig. 4, through terminals 190, 
191 and 192. The cathode of each of 
tabes I, II, and III is connected on one go 
side to ground through a 15,000-ohm re- 
sistor, like resistor 273 in parallel with 
a .002-microfarad capacitor, like capaci- 
tor 274 in series with a l,0U0-ohm resistor, 
lilce resistor 275, and is connected on the 95 
other side to negative 150-volt conductor 
259 through a 10a,000-ohm resistor, like 
resistor 276, a point like point 277, and 
10O,0U0-ohm resistor like resistor 278. The 
grid of the 1 tube 251 is connected xqo 
through oO,000-ohm resistor 280, point 
270, 500,000-ohm resistor 281 to point 282 
connected to ground through 50,000-ohm 
resistor 283, and to lotf-volt negative con- 
ductor 259 through 250,000-ohm resistor 105 
The grid of the II tube 252 is con- 
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284. ^ . 

nected to and receives its bias from point 
277, which is relieved when I tube 251 
is conducting, so that a positive potential 
impulse impressed on conductor 285, 
which is coupled to the grids of tubes II 
and III, each through a capacitor like 
.00002-microfarad capacitor 286 connect- 
ing to point 287 of the II tube grid cir- 
cmt, will fire the II tube and not the III 115 
tube. The normal grid bias of tubes II 
and III with respect to the associated 
cathode is about 80 volts negative and. 
when primed by reason of conduction in 
the preceding tube, is about 35 volts nega- 120 
tive. The firing impulses on input con- 
ductor 285 are adjusted to fire a primed 
tube only. Thus, the sequence operation 
of the Stage Control Unit of Fig. 5 com- 
mences with the firing of the Start tube 125 
250, and after a short interval, during 
which the supply networks adjust them- 
selves, the I tube 2'>1 fires and becomes 
conducting. This act causes a rise iu 
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potential of the cathode of the I tube, as 
has been explained, which primes the 
grid of the ll tube. This priming poten- 
tial is also impressed tlurou^h point 288 

5 and conductor 289 to terminal 190 (see 
also Fig. 4), which primes the grids of the 
I column of Denominational Distributor 
tubes 180, 183, and 186 (Fig. 4). The 
rise in potential of the cathode of the 

10 Stage I tube 251 (Fig. 5) is also conveyed 
by conductor 290 to terminal 291 (see also 
Fig. 3) to actuate the 10'' cycle of the 
Multiplier Unit. At the conclusion of a 
cycle of the Multiplier Unit under control 

15 of one of the key denominations, a posi- 
tive potential signal is impressed on ter- 
minal 292 (see Figs. 3 and 4), xliich fires 
the II stage tube 252 (Fig. 5), resulting 
in the extinguishment of the I tube 251, 

20 anode dropping in potential as capaci- 
tor 293 of the 11 tube cathode is charging, 
while at the same time the capacitor 274 
is discharging. Ihe firing of the II tube 
251 also causes a rise in ijotential on ter- 

25 minals 191 and 294, priming tubes 181, 
184, and 187 (Fig. 4) of the Denomina- 
tional Distributor and causing the com- 
mencement of a cycle of operation nf the 
Multiplier Unit under control of the 10^ 

80 - denominational keys. At the conclusion of 
this 10^ multiplier cycle, terminal 292 
(Figs. 3 and 5) receives another potential 
impulse, which causes the firing of the 
III Sta^re Control Tube 253' (Fig. 5), the 

36 extinguishment of the II Stage Control 
Tube 252. the griming of the III ter- 
minal 192 affecting tubes 182, 185 and 
188 (Fig. 4) of the Denominational Dis- 
tributor, and causing a i)ositive potential 

40 rise on terminal 295 (Figs. 5 and 3) to 
commence a cjcle of operation of the 
Multiplier Unit under control of the 10' 
denominational keys. At the conclusion 
of the lO'' cycle of the Multiplier Unit of 

45 3. an impulse is impressed on ter- 
minal 292 without result, as there are no 
more sta^e tubes to fire. At this point, 
the multiplication operation is complete, 
and the Start Key may be opened and the 

50 key switches of the Multiplier Unit and 
the Multiplicand Unit restored to unoper- 
ated condition. It is to be noted that the 
last impulse on terminal 292 may be used 
to control any type of automatic key re- 

55 storing means, by providing a tube to fire 
after the III stage Control tube, which 
can operate, for instance, an electromag^ 
net. Such key restoring nGkeans is not 
sho^, as it is no part of the invention 

QO and is old in the c»edculating machine art. 

The Mtotiplier Unit. 
The Multiplier Unit is shown in Fig. 
3 and comprises ni^e digit tubes 1," 
" 2," '* 3," " 4," " 5," 6," " 7," 



" 8," and " 9 " and numbered 300, 301, 65 
802, 303, 304, 305, 306^ 307, and 308, a ' 
relay tube 309 for creating an impulse to 
cause a step of operation of the Stage Con- 
trol Unit by route of terminal 292, two 
delay tubes 310 Mid 811, which time the 70 
delivery of the Multi]plicand Unit recyc- 
ling impulses to tenmnal 100, and three 
denominational banks of nine digit key 
switches representing the units, tens, and 
hundreds decimal denominations, for con- 75 
venience referred to as 10", lOS and 10* 
denominations* 

In a multiplying operation, the multi- 
plier factor is set up by closing one key 
switch in each selected bank. The Multi- 80 
plier Unit operation is by cycles, each 
key bank controlling the operation of the 
digit tubes during one of the cycles by 
determining where in the series of nine 
digit tubes the operation of a cycle com- 85 
mences, and consequently how many tubes 
will operate in that cycle. The digit 
tubes are connected to be operated serially 
one at a time toward the " 9 " tube, in 
response to impulses commonly received 90 
by the grids of all the tubes over conduc- 
tor 320, which originate from the last 
transfer control tube 321 (Fig. 8) and im- 
pressed on terminal 175. Thus, after an 
entry of the multiplicand factor into the 95 
Accumulator, the transfer cycle takes 
place, and, at the conclusion of the trans- 
ter cycle, an impulse on terminal 176 
causes a step of operation of the Multi- 
plier Unit's tubes. Consequently, the 100 
number of tubes to operate in a particular 
denominational cycle of the Multiplier 
Unit determines the number of times the 
multiplicand factor is entered into the 
Accumulator, and into what denomina-106 
tions of the Accumulator it is entered is 
determined by the Denominational Dis- 
tributor, which, with the MultipHer Unit, 
^jointly controlled by the Stage Control 
Unit to correlate the multiplymg opera- HO 
1 denomination of the Multi- 
plier Unit in control. 

If, for example, it is desired to multi- 
ply by five, the " 5 " key 322 in the 10' 
denomination is operated the 0 " keys 115 
340 and 341 in the 10^ and 10* banks are 
operated, the multiplicand factor is set up 
(Fig. 2), and the Start key (Fig. 5) i.H 
closed. The Denominational Distributor 
tubes 180, and 186 (Fig. 4) become 120 
primed, and a positive potential impulse 
is given to terminal 291 (Figs. 5 and -3), 
which is conveyed through a rectifier 323 
(Fig.. 3) shunted by 500,000-ohm resistor 
324, and through .01-microfarad capaci- 126 
tor 325, stage initiating conductor 299 
and key switch 322 to point 326 in the 
grid circuit of 5 " tube 304, tempor- 
arily relieving the normal controlling 
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bias, causing' it to fire and become con- 
ducting. Tiie cathode potential supply 

^ciTcuiror"tsl)e"304""has"tk^^ a 15,000- 

oiun resistance whick causes it to rise 
5 suddenly in potential, and this is con- 
veyed by conductor 327 and .OOl-miero- 
farad capacitor 328 to a common multi- 
plier output conductor 329, to point 330, 
and from there through .06U2-mierofarad 
10 capacitor 331 to fire delay tube 310, which 
in turn fires delay tube 311, which passes 
a cathode positive potential impulse on to 
terminal 100 to cycle the multiplicand 
unit and enter the miiltiplicand in the 
15 Accumulator under control of Stage I 
tubes of the Denominational Distributor, 
At the conclusion of the multiplicand 
entry, the transfer cycle takes place in 
the Accumulator, and at the conclusion of 
20 the transfer cycle an impulse is impressed 
on termincd 175 (Figs. 8 and 3>, which 
impulse is impressed through individual 
capacitors, like .OOOOo-microfarad capaci- 
tor 332, onto the grid circuits of all the 
26 4ine digit tubes of the Multiplier Unit. 
Each of such tubes' grids has a normal 
controlling bias which is primed to near 
the firing point if the digit tube of next 
lower vame is conducting, and hence such 
80 priming causes the positive potential on 
conductor 320 to fire the " 6 " tube 305 
to the exclusion of any other of the Multi- 
plier Unit digit tubes. This causes a 
positive potential impulse on conductor 
35 329, which causes a cycle of the Multi- 
plicand Unit and in addition causes a rise 
on all the digit tube cathodes, because all 
are coupled to conductor 329. The cathode 
of the conducting " 5 " tube is within 
40 fifteen volts of the anode potential, and 
the additional rise caused by the firing of 
the ** 6 " tube causes a cessation of cur- 
rent flow in the ** 5 " tube, and it is 
extinguished. This operation continues, 
45 the 7," S," and 9 " tubes firing in 
succession, giving a total of five cycles of 
Multiplicand operation, which corres- 
ponds to the value of the operated " 5 " 
key 322. The condition of conduction in 
50 the '* 9 tube 308 primes the relay tube 
309 by a portion of the cathode rise being 
conveyed by point 333, resistor 334, point 
335, resistor 336, and conductor 337 to 
the grid circuit of tube 309. The grid of 
55 tube 309 is also connected by a .00005- 
microfarad capacitor 338 to conductor 
3^0, and, upon receipt of an impulse on 
terminal 175 while " 9 " tube 308 is con- 
ducting, the relay tube 309 will fire, ex- 
60 tinguishing the ** 9 " tube and passing a 
positive potential impulse originating at 
its cathode, over conductor 339 to ter- 
minal 292 (see Fig. 5) to cause the fifing 
of the II Stage Control tube 252 (Fig. o) 
65 and the extinguishment of the I Stage 



Control tube 251. An impulse is conse- 
quently impressed on terminal 294 (Figs. 
8 and 0)7 which is conveyed through the 
operated " 0 " key switch 340 and con- 
veyed through point 335, resistor 336, and 7i 
conductor 337 to fire the relay tube 309. 
As a consequence^ no action occurs in tlie 
Multiplicand Unit, and the Stage Control 
Unit is actuated to cause the III Stage 
tube 253 (Fig. 5) to fire. This impresses 7{ 
an impulse on terminal 295 (Figs. 3 and 
5), which, as '* 0 " key switch 341 is 
closed, again immediately fires the relay 
tube 309, and the operation is over, and 
the multiplicand has been entered five 8( 
times into the Accumulator, If, in the 
example just given, instead of the ** 0 
key switch 341 in the 10- denomination of 
the Multiplier Unit having been operated, 
it was the " 8 " key 342 that was oper- 81 
ated, then the last impulse received on 
terminal 295 would have fired the 2 " 
tube 301, and, ns a consequence, the 
Multitiplicand Unit would be actuated 
and the Multiplicand factor would be 9( 
entered into the Accumulator under con- 
trol of the Stage III tubes of the Denom- 
inational Distributor. Such multiplicand 
entry would be made as each of the tubes 
•*2," '*3," '*4," ••5," "6," "7,''«9f 

8," and 9 of the Multiplier Unit 
fired in succession, and then the relay 
tube 309 would fire, ending^ the operation.^ 
Helay tube 309 is arranged in a circuit so. 
that it self -extinguishes after it is IQ 
rendered conducting. 

Tube 310, when conducting, is there- 
after extinguished by the firing of tube 
311, and the tube 311 is self-extinguish- 
ing, as will be apparent as the circuits and IQ 
circuit elements of Fig. 3 are specified. 

All of the anodes of tubes " 1 " to 

9 inclusive are supplied with 115 
volts positive potential by being connected 
to conductor 350, which is connected \l 
through 3,500-ohm resistor 351, point 
352, 500-ohni resistor 353, point 354, and 
250-ohm resistor 355 to 115-volt positive 
source of potential 356. The anode of 
tube 309 receives potential from point n 
352, and point 354 is coupled to ground 
through .5-microfarad stabilizing capaci- 
tor 357. The cathode of each digit tube 
is connected to ground on one side through 
a 15,000-ohm resistor, like resistor 358 12( 
associated with the " 4 " tube, and is 
connected to negative 150-volt supply con- 
ductor 359, through a 100,000-ohm resis- 
tor 360, a point like point 361, and a 
100,000 resistor-ohm resistor, like re.sistor 12 
362. This gives each cathode 0 normal 
potential of 10 volts negative, which rises 
to 80 volts positive when the tube is con- 
ducting. Points like point 361 supply the 
grid bias for the succeeding tube, and 13' 
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nonnally it is 80 volts negative and rises 
to 35 volts negative when tlie associated 
tube is conducting^ Point s like point 
are connected to the succeeding tubers 
5. grid througli a 250,000-olini resistor like 
resistor 363, a point like point 326, a 
250,000-ohm resistor like resistor 364, a 
point like point 365, and a SCOOO-olim re- 
sistor like resistor 366. Tube 309, wbidi 

10 originates tke impulses which- operate the 
Stage Control Unit, receives its anode 
potential from point 352. Its cathode is 
connected to ground through 50,000-ohm 
resistor 367 in parallel with a .0005-micro- 

15 larad capacitor 368, and to the negative 
5?^®?S?^,^PP^y conductor 359 through 
650,OOOohm resistor 369. The ^id of 
t^fe,^^? receives its potential through 
50,000-ohm resistor 336 and 250,000-ohm 

20 resistor 334 from the point 333 in the 
negative leg of the cathode supply circuit 
of the " 9 tube. With the circuit values 
just given, the tube 309 will self-extin- 
guish when rendered conducting, and in 

25 tong s^ds an impulse over conductor 
o?A J before-mentioned delav tubes 
310 and 311 are arranged to fire in suc- 
cession on the firing of any one of the 

on. fT^n*"^^®^ " *° "9," the firing of 

dO-.tube 311 giving rise to a positive potential 
impulse at terminal 100 to operate the 
impulse- generator. The purpose of the 
...consequent delay is to permit the stabili- 
zation of the potentials in the Stage Con- 

35 tool and Denominational • Distributor 
units after a denominational shift. The 
anode of tube 310 receives its potential 
through 3,500-ohm resistor 371, 600-ohm- 
resistor 372, point 373; and 250-ohm re- 

40 sistor 374, which is connected to a 115- 
yolt positive supply terminal. Point 373 
18 coupled to ground by means of .6-micro- 
farad capacitor 3750. The cathode of tube 
310 is connected on one side to ground 

45 through 15,O00-ohm resistor 375 in 
parallel with .001-microfarad capacitor 
?In' other side throuirh 

resistor 377, point 378, 
300,000-ohm resistor 379, and point 380 

SO to a negative 150-volt source of potential 
387. The grid of tube 310 receives its 
normal controlling bias through 50,000- 
ohm resistor 381, point 382, 500,000-ohm 
resistor 383, and point 3M, which is con- 

55 nected on one side throngh 50,000-ohm 
resistor 386 to ground, and through 
2n0,0n0-obm resistor 386 on the other side 
to point 380, which leads to the 160-volt 
negative terminal 387. When tube 310 

60 is fired by receipt of an impulse through 
capacitor 331, its cathode rise in potential 
is impressed through resistor 377. point 
378. and 500,000.ohm resistor 388 to the 
grid of tube 311. after the charging of 

65 .001-microfarad delay capacitor — 



which couples point 390 to ground. The. 
anode supply for tube 811 is taken from 

-point 391, and-the-cathode-is-coupled-to: 

ground through 50,000Tohm resistor 392 
in parallel with .002-microfarad capacitor 70 
393. As tube 311 fires, tube 310 is exten- 
guished due to the drop in potential of its 
anode, an.d tube 311 passes on an impnlsp 
to the impulse generator over terminal 
100 and then self-extinguishes. 75 

Thb AcCUMUIiATOIL 

Six denominational banks are provided 
in the Accumulator, The units or 10*^ 
bank and the tens or 10^ bank are chown 
in Fig. 6, the hundreds or 10^ bank and 80 
the thousands or 10* bank are shown in 
lig. 7, and the tens of thousands or 10* 
bank and the hundreds of thousands or 
10' bank are shown in Fig. 8. 

There are ten digit tubes in each bank, 86 
but those tubes representing the digits 8, 
7, 6, 5, 4 and 3 in each bank are omitted 
in the drawings, as shown by dotted lines 
400 in Fig. 6, for instance, such omission 
being only^ of a repeating network pattern 90 
of tubes and circuits which are* fully 
shown in connection with the' remaining 
tubes of each bank. It will be understood 
that the number tubes in a bank can be . 
iucreased or decreased to make it of any 95 
size, so as to serve other than decimal 
numerical notation. Associated with each 
denominational bank are a transfer tube 
" T " and a Transfer Control tube " TC 
for accomplishing denominational trans- igy 
fers of carry-over data. 

The units bank 10*, bein^? typical, will 
be described as representative of all the 
banks as regards tiae ring of digit tubes. 
Anode voltage of 115 volte positive is sup- 1Q5 
plied from terminal source 401 through- 
250-ohm resistor 402, point 403, and 
7,500-ohm resistor 404 and conductor 405, 
to which all the anodes are directly con- 
nected. The cathode of each tube in c^- 
nected to ground through a 15j000-ohm 
resistor like resistor' 406 in paraUel with 
a .002 microfarad capacitor like capacitor 
407, and is also connected to negative • 
supply conductor 408, supplied with 150 
volts negative, through a 100,000^hm 
resistor like resistor 409, a point like point 
410, and a 100,000-ohm resistor like re- 
sistor 411. Points like point 410 are con- 
nected to the grid of the succeeding tube igO 
in the ring through a 500,000-ohm re- 
sistor like resistor 413, a point like point 
413, and a 50,000-ohm resistor like re- 
sistor 414. Pointe like point 418 ar'e ea<Sh 
coupled to a common input conductor 417 i25 
for the denomination through a .00002- 
microfarad capacitor like capacitor 415, 
A switch like switch 416 is provided be- 
tween ground and l^e grid of each " 0 " 
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tube, so that, iipon temporary closing* of 
the switeh, the " 0 " tube wiU fire and 
become conducting. As a tube becomes 
conducting, it primes the grid of the next 
5 succeeding tube of the ring, as a conduct- 
ing tube's cathode rises in potential. This 
relieved bias on the succeedinfir tube makes 
it more susceptible to a positive input im- 
pulse on conductor 417 than any other 
10 tube of the ring. Circuit values given 
for the Denominational Distributor relay 
tubes will causa the output from them in 
the form of impulses to iire a primed tube, 
of the Accumulator but not an unprimed 
16 one. Conductor 420 closes, the denomina- 
tional ring hj connecting the " 0 "tube 
cathode priming point 421 to the 1 *' 
tube's priming point 422. The anode sup- 
ply conductor will temporarily drop in 
20 potential as the cathode-ground capacitor 
of a firing tube charges, while the cathode, 
of the preceding priming tube's cathode- 
jiTound capacitor is discharging. This 
causes a temporary cessation of anode- 
25 cathode potential in the preceding tube, 
extinguishing it. Thus a number of im- 
pulses impressed on output conductor 417 
will cause the same number of tubes to fire 
successively in the ring, and the conduct- 
30 ing tube represents the accumulated data.. 
-Tie data is read by observing the flow in 
the tubes or by sensing .their condition 
electro-mechanically. 

It is arranged to have a transfer tube 
35 423 fire each time the " 0 '* tube^ fires 
indicating one full cycle of operation^ of 
the ring, such transfer tube later being 
extinguished to create an impulse to cause 
a step of operation in the ring of next 
40 higher denomination. Switches like 
switch 418 in the anode supply, of each 
*' T *■ tube are opened before the zeroiz- 
ing switches are closed to prevent the 
T " tubes from firing. After zerpizmg 
45 all of the Accumulator, the switches, like 
switch 418, are closed. 

Input conductor 417 receives impulses 
from terminal 170, whieli is the 10" out- 
put from the Denominational Distributor 

50 (Fig. 4). 

l^nsfer tube 423 receives its anode 
potential from 185-volt positive terminal 
425. through switch 418, 250-ohm resistor 
426 point 427, and 7,500-ohm resistor 

55 428.' Point 427 is coupled to ground by 

. ..l-microfM«d capacitor 429. Tube 423 
receives its cathode potential by being 
connected through 10,000-ohm resistor 
430 to ground. The grid of tube 423 re- 

60 cwves its potential by being connected 
" through 60,000-oTim resistor 431, point 
432, and 500,000-ohm resistor 433 to point 
434, which is connected through 50,000- 
ohm resistor 435 to ground on o»e side, 

05 and through 250,000-ohm resistor 436 to 



the negative loO-volt conductor 408 on the 
other side. The transfer tube is -thus 
ordinarily non-conducting but is rendered 
conducting by a positive impulse originat- 
ing at the cathode of the " 0 " tube 437 70 
when the " 0 " tube fires, said imjjulse 
being impressed through .00005-micro- 
farad capacitor 438 onto grid bias point 
432. 

At the initiation of the transfer cycle 75 
caused by a positive potential impulse re- 
ceived on terminal 148 leading to the grid 
of the Transfer Control tube 439, tube 
439 is fired, and, upon becominff conduct- 
ing, its cathode rises in potential, which 80 
rise is transmitted through .01-niirro^ 
farad capacitor 440 and impressed on the 
cathode of transfer tube 428.^ If tube 423 
is conductinir, it is bv that impulse from 
tube 439 extinguished, and its anode riseis °^ 
suddenly in potential, passinsr on Raid 
positive' impulse through .0005-micro- 
farad capacitor. 441 and through rectifier 
442 oriented to pass positive impulses to 
the input conductor for the nest hiffher 90 
denominational bank. Bectifier -442 is 
shunted by 50.000-ohm resistor 443. 
Thus, if tfie denominational ring^ of 10' 
bank has, dwing one cycle of the impulse ^ 
generator, passed through zero, transfer TO 
tube 423 wfll have fii-ed, and later, at the 
conclusion of the cycle of the impulse 
' generator, transfer control tube 439 will * 
fire and extinauisb tube 423, passing on 
the transfer impulse to the next higher 100 
order, causing the addition therein r.f one 
unit. Transfer Control tube 439 obtain? 
its anode potential from 115-volt positive 
source 445, through 2oO-ohm resistor 446, ^ 
point 447. and 4,000-ohm resistor 448. lOo 
Point 447 is coupled to ffround through 
.1-microfarad capacitor 449. The cathode 
of tube 439 obtains its: potential bv being 
connected to ground through I5.0n0-obni 
resistor 4490 in parallel with .01-micrr>- 110 
farad capacitor 450, and to neqfative 150- 
volt source 451 throuirh 150.000-ohm 
resistor 452, point 453. and -300.000- 
ohm resistor 454. Point 453 is 
coupled to 5rround by .002-microfarad 11c 
delav capacitor 455. The grid of 
tube 439 obtains its normal bias 
through 50,000-ohm resistor 456. point 
457, and 500.000-ohm resistor 458. which 
is connected to point 459, grounded on one 120 
side through 50,000-ohm resistor 460 and 
on the other side connected through 
250,000-ohm resistor 461 to negative sup- 
ply terminal 431. Point 457 is connected 
to terminal 148 throutrh .00005-micro- IZo 
farad capacitor 462. With the circuit 
elements as given, transfer control tube 
439 fires on receipt of a positive impulse 
on terminal 148 and is immediately self- 
extinguished, meanwhile having issued al80 
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poMtive impTilse througli capacitor 440 to 
extingTiish the transfer tub'e, if it was 

conducting, and causing the transfftr nm't 

' to be added in the next higher denomina- 
5 tion. The rise in potential of point 453, 
as tube 439 fires, is conveyed, after the 
charge of capacitor 455, to the grid of the 
10* hank's Transfer Control tube 470, to 
fire It. Point 453 is tiie grid bias point 

10 for tube 470- Tube 470 is supplied with 
the same potentials and circuits as is tube 
439 and, on being fired, extinguishes the 
transfer tube for the 10* bank if conduct- 
mg passing on an impulse to the input 

15 conductor of the 10= bank bv way of ter- 
mmal 471 (see also Fig. 7)/The firing of 
aransfer Control tube 470 for the 10* de- 
nommational bank also passes on an im- 
pulse over terminal 472 to fire the Trans- 

SO fer Control tube for the 10^ denomina- 
tional bank. Input conductor 473 of the 
10* denominational bank contains a recti- 
fier 474 to pass positive potentials only 
-x- ^^^'^^^^ ®^ arrow to prevent 

25 absorption of positive impulses by the 
circuits of the Denominational Distribu- 
tor originating when the transfer tube of 
next lower denomination is extinguished. 
^ Such a rectifier is provided in each order 

30 except the lowest. Each rectifier such as 
rectifier 474 is shunted by a 50,000-ohm 
resistor such as resistor 475. Transfer tube 
> output from the 10' denomination (Fig. 
7) IS over terminal 476 (see Fig. 8), and 

35 output from the Transfer Control tube of 
mP* flenomination is over terminal 477. 
The 10^ denominational bank (Fig. 8), 
being for overflow purposes only, receiv- 
ing impulses only from the 10* denomina- 

40 tional bank. through point 493 and recti- 
fier 501, has appended to its input circuit 
capacitor 502 of .0005 microfarad, resistor 
503 of 50,000 ohms, rectifier 504, and re- 
sistor 505 of 50,000 ohms to simxdate the 

45 circuit elements appended to the lower 
denominational banks bv reason of their 
connection to the Denominational Distri- 
butor Unit. 
Transfer tube 610 is provided to show 

50 bow additional overflow denominational 
banks may be added to the Accumulator 
or how a signal may be made indicating 
a full Accumulator. 
The output from the transfer tube of 

56 the 10* denominational order is shown by 
dotted line 490 (Fig. 8) to indicate how 
transfers may be made to higher orders. 
Transfer tube 510 is arranged in a self- 
extinguishing circuit, receiving 75 volts 

60 positive anode potential from source 511, 
through resistor 512 of 250 ohms, point 
513, and resistor 514 of 500 ohms. Point 
513 is coupled to ground through capaci- 
tor 515 of .1 microfarad. The cathode is 

65 connected to ground through 50,000-ohm 



resistor 516 in parallel with • .OOOS-micio- 
farad capacitor 517. 
— ^The— posifive impulse ^output- of th=e 
Transfer Control tube 321 "of the last order 
is conveyed over terminal 175 to step the TO 
multiplier unit (Fig. 3) a step, as has 
been explained. 

When the 10^ denomination passes 
through zero, a signal appears on con- 
ductor 490, which may be used for signal- 76 
ling an overflow of data. 

The circuit elements of the Accumula- 
tor have been chosen to give it an impulse 
acceptance rate at approximately twice 
the rate of production thereof by the Im- 80 
pulse Qenerator. 

Operation. 

Eef erring to Kg. 1, the operatioti of 
the multiplying device will be sum- * - 
marized. 85 

The Accumulator is zeroized by opera- 
tion of the zeroizing keys in all orders of 
the Accumulator after removing anode 
potential temporarily from the Transfer 
tubes. As an example problem, the multi- 90 
phcand factor chosen will be 658, and the 
multiplier factor chosen will be 123. 
Ihese factors are set up on the associated 
kejrs and the Start key is closed (1%. 5), 
which fires the Start tube. After a short 95 
delay, tile " I Stage Coatrol tube is 
fired priming Column I of the Denomina- 
tional Distributor tubes and sending an 
^pulse to the 10* input of the Multiplier 
Unit (Fig. 3), which is routed through 100 
the " 3 " key switch to fire the " 7 " tube 
of the Multiplier TJnit. The firing of the 
" 7 tube fires the two Delay tubes in 
series, and the last to fire sends an im- 
pulse over terminal 100 (see also Kg. 2) 105 
to the Multiplicand Dnit to fire the nine 
digit tubes in succession. This act sends 
out eight impulses on terminal 160. five 
impulses on terminal 161. and six im- 
pulses 9n terminal 162 (see Pig.' 4) to the 110 
Denominational Distributor, causing the 
relaying of eight impulste to the W bank 
of the Accumulator over terminal 170 (see 
Fig. 6), five impulses over terminal 171, 
and six impulses over terminal 172 (see 116 
Fig. 7), actuating the Accumulator 
accordingly. The Transfer Indicator tube 
(Fig. 2) is then fired, which sends an im- 
pulse over terminal 148 (see Fig. 6) to 
fire the Transfer Control tube of the 10* 120 
bank of the Accumulator. The Transfer 
Control tubes are fired serially, and the 
associated transfer tubes, if any are con- 
ducting, will be extinguished serially 
thereby. It will be apparent that, after 125 
this first entry, none will be conducting. 
The Transfer Control tube of the 10» de- 
nomination of the Accumulator (Fig. 8) 
passes on an impuke over terminal 175 
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(see also Fig. 3), which fires the pruned 

g '-»-taLe-of-the-Miiltiplier-TTnit,_and,_ 

after the two delay tubes have fired, an 
impnlse is sent over terminal 100 (see also 
5 Fiff. 2) to cause another cycle of opemtion 
of the Impulse Generator to enter the 
number 658 into the Accumulator, as be- 
fore described. As yet, no transfer hay- 
iu"" taken place, the number 206 stands m 
10 the Accumulator. As the 10** and 10^ de- 
nominational rings of the Accumulator 
have passed through zero, and the 10" 
ring stands on zero, the Transfer tubes of 
the 10°, 10^ and 10" denominational rings 
15 of the Accumulator are conducting. As 
the Transfer Control tubes are serially 
operated, first the 10° Transfer tube is ex- 
tinguished, entering one unit into the 10* 
denomination, making the Accumulator 
20 read 216. Secondly, Transfer Control 
tube 10^ fires, the 10* Transfer tube is 
extinguished, sending a unit to the 10; 
denominational ring, making the Accu- 
mulator read 316. Lastly, the 10= Trans- 
25 fer Control tube is fired, extinguishing 
the 10" transfer tube, sending a unit to 
the 10^ denominational ring-, making the 
Accumulator read 1316. which is the sum 
of 658 plus 658. The number 658 is 
30 entered once more in Stage I by reason 
• . of the firing of the " 9 " tube of the 
Multiplier Unit, and the Accumulator 
after the transfer then reads 19 < 4. The 
end of the transfer tube cycle again sends 
35 an impulse over terminal 175 to the Multi- 
plier Unit, but this time the Stage Con- 
trol Shift tube 309 (Fig. 3) fires and sends 
an impulse over terminal 292 (see also 
Fig. 5), which fires the Stage H tube 2o2. 
40 extinguishinff the Stage I tube, priming 
the Stajre II column of the Denomi- 
national Distributor Unit, and delivering 
an impulse to termiiial 294 (Fig. 3),^serv. 
inff the 10* banic of keys of the Multiplier 
46 Unit. As key " 2 " has been operated 
therein, the " 8 '* tube will accordingly 
fire, firing the delay tubes and thereafter 
actuating the multiplicand unit to send 
out the same pattern of impulses, repre- 
60 senting " 658/' to the Denominational 
Distributor. At this time, the Stage li 
column of tubes of the Denominational 
Distributor are primed, and the impulses 
are accordingly routed to the 10*, 10^ and 
55 10» denominations of the Accumulator. 
After the Stage U entries have been made 
twice, the Stage Control Unit shifts to 
Stage in. wherein the 10^ 10», and 10* 
denominations of the Accumulator are 
GO actuated, the entry of the multiplicand 
factor being made but once, as th^^: 
dirit of the multiplier factor is 1. The 
multiplying operation is now complete. 
The final firing of the Stage Control shift 
65 tube 309 (J'lg. 3) lias no efifect on the 



Stage Control tubes of I^ig. 5, as III tube 
_253 primes.no^other. tube. The Start key 
may now be opened, and all of the tubes 
except those in the Accumulator repjre- 
senting the product data will be in extin- TO 
guished condition. The device is now 
ready for another multiplying operation, 
which may be performed with or without 
returning the jA.ccumulator to zero. 

It is apparent that the key switches of 
the Multiplier and Multiplicand Units 
may be controlled in any manner by 
record material according to well-known 
practices for the automatic setting up of 
factors. 

The disclosed device is not to be deemed 
limited to the exact tubes, circuit ele- 
ments, and time constants' specified, as 
they are but illustrative of one embodi- 
ment of the invention. ^ 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to be 
performed, we declare that what we claim 
is : — ®® 

1. An electronic multiplying apparatus 
includinff a multi-denominational total- 
izer with transfer means between the 
denominational elements thereof, a cyclic- 
ally operating impulse generator having 
associated therewith multiplicand select- 
ing devices wliich are selectively operable 
in accordance with the digital values of * 
the orders of the multiplicand ^o^i^^ 
direct impulses relative to said values Iw 
simultaneously into selected elements of 
tJie totalizer *durin<r each cycle of the 
generator, means operable after the com- 
pletion of a cycle of the generator for 
initiating a transfer cycle through all 105 
elements of the totalizer, and means re- 
sponsive to the conclusion of a transfer 
cycle for automatically initiating a fur- 
ther entry cycle of the impulse generator. 

2. An electronic multiplying apparatus HO 
including a multi-denominational total- 
izer having transfer means between the 
denominational elements thereof; a single 
cyclically operatinjpr impulse generator, 
multiplicand selecting means which is 115 
selectively operable to direct specific 
numbers of im]>ulses, in accordance with 
the relative digital values of the ordew of 
the multiplicand, simultaneously into 
selected elements of the totalizer during 120* 
each impulse cycle, a multiplier unit for 
determining the number of cycles to be 
executed by the impulse generator in 
accordance with the value of a multiplier, 
means operable at the conclusion of each 12o 
impulse cycle for effecting a transfer 
cycle through all the elements of the 
totalizer, and means operable in response 
to the conclusion of each transfer cycle to 
cause the multiplier unit automatically to 130 




it 



bring about a further cycle of the impulse 
generator. 

3. An electronic multiplying apparatus 
in which an impulse generator is caused 

5 to be operated in a succession of impulse 
generating cycles, the number of which is 
m accordance with the value of a multi- 
plier, under the control of a multiplier 
unit, and at each cycle to transmit im- 

10 pulses significant of the values of all 
digits of the multiplicand, simultaneously 
to respective selected denominational ele- 
ments of a multi-denominational totalizer 
havinff, between the elements thereof, 

15 transfer nieans which are adapted to be 
potentialised during entry operations 
subsequently to effect transfers, and in 
which entry operations are adapted to be 
suspended at the end of each entry cycle 

20 xmtil the transfer of all digits by poten- 
tialised transfer elements has been 
effected, after which the miiltiplier unit 
is caused to effect a further cycle of the 
impulse generator in response to the com- 

25 pletion of the transfer. 

4. An electronic multiplying apparatus 
including a cyclically operating impulse 
generator, a multi-denominational total- 
izer adapted to receive trains of impulses 

30 from the generator signiiicant of the value 
of a multiplicand, at each cycle of the 
generator, in several selected denomina- 
tions' thereof simultaneously, adjacent 
' elements of the totalizer havmg transfer 

36 means therebetween which are adapted to 
be potentialised for subsequently effecting 
transfers into the element of the next 
higher order when an element of the lower 
order passes through zero, and transfer 

40 oontrol means operable at the completion 
of each cycle of the impulse generator to 
cause potentialised transfer means to 
effect the transfer of units seriatim be- 
tween the elements from the lowest to the 

45 highest orders therof , and also to initiate 
a further cycle of the impulse generator 
when the cycle of transfer operations has 
been completed. 

5. An electronic multiplying apparatus 
50 in which a product is obtained as a result 

of repeated entries, each relative to a 
multiplicand, into a multi-denomina- 
tional totalizer having transfer means be- 
tween the denominational elements there- 

55 of, and including a cyclically operating 
impulise generator for transmitting im- 
pulses significant of the value of a multi- 
plicand to selected elements of the total- 
izer simidtaneouslx at each eniry cycle, 

60 means operable after each entry cycle to 
effect a transfer cycle tiirough all ele- 
ments ot the- totalizer, a multiplier unit 
controlling the number of entry- cycles to 
. be performed b^. the -impulse generator in 

66 respect of eacKdletfomipation of- the* multi- 



plier aud operable in response to the com- 
pletion of each transfer cycle to initiate 'a 
further entry cycle of the impulse genera- 
tor, and a control unit operable as entries 
in respect of each denomination of the 70 
multiplier are completed to cause the 
multiplier unit to control the next series 
of cycles of the impulse generator in 
accordance with the next higher denomi- 
nation of the multiplier and also to 76 
operate a distributor unit whereby the 
impulses of the next said series are 
directed to the elements of the totalizer of 
the respective next higher orders to those 
in which the former entries were regis- 80 
tefed. 

6. An apparatus according to any one 
of the preceding Claims in which said 
impulse generator has associated in com- 
mon therewiib. a multiplicand unit com- 8? 
prising selecting means in respect of each " 
mul'^iplicand denomination for selectively 
determining the number , of impulses that 
siiall be transmitted to the respectively 
associated elements of the totalizer in 90 
accordance with the values in the various 
denominations of the multiplicand, 

7. An apparatus according to Claim 6 
in which said selectihg means includes a 
bank of circuilHjlosing contact sets for 95 
each denomination of the multiplicand, 
each bank including' a contact set repre- 
sentative of each digit in the denomina- 
tion, the like contacte in each bank being 
connected together in common to a con- IQQ 
ductor over which impulses are adapted to 

be transmitted to an associated element of 
the totalizer, whereas the other contacts 
of the contact sets in the several banks 
having the same digital significance are 105 
connected together and to a point in the • 
output circuit from the impulse generator 
^rom which series of impulses representa- 
tive of said distal significance are 
adapted to be derived. HO 

8. An apparatus according to any one 
of the prgceding Claims in ^raich a trans^ 
for iiutiating device . is caused to be 
operative at xLe completion of each cycle 

of the data entering means to transmit an 115 
electric transfer initiating impulse to 
cause the transfer means to effect a tran&- ' 
far cycle whereby potentialised transfers 
are effected in succession from the lowest 
to the highest order element of the 120 
totalizer. 

9. An apparatus according to Olaixn 8, 
in which the transfer initiating device 
consists of ai^ electronic tube which is ren- 
dered conducting at the completion of 136 
each cycle of the data entering means^ the ' 
said transfer initiating impulse being de- 
rived from a point in the circuit of the 
tube as a result of the setting up of con- 
duction therein. 130 
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10. An apparatus according to Claim 9 
-ijX-wHcli^he J:ransfer_.is_ettected 



impnlse of positive polarity derived from 
the cathode circuit of the transfer mitia^ 
,5 mg tuhe as the cathode thereof is rendered 
more positive as a result of conduction 
therein. . 

11. An apparatus accoiding to Claim 
10 in which the transfer initiating tube 

10 is gas-filled and includes a resonant net- 
work in its cathode circuit whCTeby, on 
the tuhe becoming conducting, the pot^ 
tial of the cathode is caused to^ approach 
sufficiently near to the potential qi the 

15 anode to cause the tube to extinguish. 

12. An apparatus according to any one 
of the preceding Claims in which, ttie 
transfer means consists of a potential 

. operated device, whose state is changed 

20 upon change of applied potential, associ- 
ated with each denominational element of 
the totalizer and which is caused to 
change from its normal state, subse- 
quently to effect a transfer, when the 

25 associated element passes through zeto, 
and which is caused to revert to its 
original state each time the data entering 
means completes a data entering cycle to 
generate a carry forward impulse to the 

M element of the next higher order, 

13. An apparatus according to Claim 
12 in which each potential operated device 
comprises an electronic transfer tube hav- ■ 
mg" a control electrode which is normally 

OR biassed to prevent conduction in the tube 
but which IS rendered sufficiently positive,, 
with respect to the cathode potential, to 
permit conduction in the tube when the 
associated totalizer element passes through 

An zero, and in which, in a ti-ansfer cycle, 
conducting transfer tubes are caused to be 
extinguished in succession from the lowest 
to the highest order of the totalizer and 
impulses derived as a result of the conse- 

AR quent rise in anode potentials are trans- 
initted to the elements of the respective 
next higher orders to enter units therein. 

14. Ax, apparatus according to any one 
of the preceding Claims 4, or 8 to 13,, in 

50 which a transfer control means consists 
of electronic tubes having control elec- 
trodes, a transfer control tube being 
associated with each transfer element or 
tube, the transfer initiating' impulse from 

55 the data entering means initiating con- 
duction in the control tubes, senatim in 
ascending order of denominations to cause 
the extinction of their respective transfer 
tubes, in conducting, to effect transfers. 
fiO IS. An apparatus according to Claim 
14 in which the transfer tubes are gas- 
fUled and, if conducting, are extinguished 
as a result of the increase in cathode 
potential of the associated control tube, 

A5 when it becomes conducting, being re- 



flected to the cathode of the transfer -tube 
to bring the latter to a potential value 
relative to"tliat"of the anode at which con- 
duction cannot be maintained. , 

16. An apparatus according to Claim 70 
14 in which the said control tubes are gas- 
filled and each has a network connected in 
circuit therewith whereby on the tube be- 
coming" conducting, the cathode rises 
sufficiently in potential automatically to 76. 
cause the tube to extinguish, and also in- 
fiuences the control electrode of the sue- 
ceeding control tube to render that tube 
conducting. 

17. An apparatus according to any one 80 
of the preceding Claims in which a signal 



resulting from the completion of a trans- 
fer cycle is reverted either to cause the 
data entering means to execute a further 
cycle, or if the last entry cycle comprised 85 
the final entry in respect of a particular 
denomination of the multiplier, to initiate 
the entries relative to the next higher 
order of the multiplier and also to modify 
the selection of the connections between 90 
the data entering means and the totalizer 
so that the denominational entries in 
respect of the latter will be made into the 
elements of the totalizer of the respec- 
tively next higher orders to the previous 95 
entries. 

18. An apparatus according to Claim 
17, including a multiplier unit consisting ^ 
of an impulse responsive device which is 
differentially adjustable to count the im- id 
pulses reverted on the completion of 
transfer cycles and which, on the recep- 
tion of an impulse, applies a signal to the 
data entering means to cause it to execute 
a further cycle, and, in respect of a last 10{ 
entry of a multiplier denomination, also 
bringing about the said modification^ of 
the connections between the data entering 
means an^ the totalizer. 

19. An apparatus according to Claim IH 
18 in which the multiplier unit includes 

a plurality of electronic tubes, a tube 
being provided in respect of each digit in 
the denominational orders of the multi- 
plier, and selectively operable means for llfl 
each denomination of the multiplier de- 
pending on the capacity of the apparatus, 
which are respectively operable to select 
a number of tubes corresjjonding to the 
value of the respective digits of the muiti- 121 
plier and wherein the tubes selected by 
the said selecting means are adapted to 
be operated seriatim in consequence of the 
terminations of the transfer cycles of the 
totalizer in respect of each of said digits i2[ 
of the multiplier, from the tmits to the 
higher orders thereof, each i^be on opera- 
tion causin£.the data entering means to 
effect a f urtter entry cycle, 

20. An apparatus according to Claim 13> 



640,513 



19 la wiict ttelelectronic tubes are gas- 
failed and have control electrodes and are 
so arranged tkat the setting up of conduc- 
bon in a tube causes any other conducting 
5 tube to be extinguished and primes the 
tube next to be operated, and m which 
signals reverted from the totafizer at the 
termination of each transfer cycle cause 
\ ^® v^*^^ seriatim and 

10 each tube on firing causes an impulse to 
be transmitted to the data entering means 
to cause it to recycle, 
OA^-^' A-^ apparatus according to Claim 
^ in which the cathodes of the tubes are 

16 capacitativelv connected to a common 
conductor which is coupled to the data 
entering means, so that an impulse of 
positive polarity is transmitted to the 
latter as each tube fires. 

2^ 01^?' ^?.«,PParatus according to Claim 
^J. in which the said impulsing circuit 
between the multiplier unit and the data 
entering- means includes a delay circuit to 
delay the transmission of said impulse for 

25 a period sufficient to ensure the stabilisa- 
tion of the totalizer elements after the 
previous operation. 

90^^' ^ apparatus according to Claim 
-ff If ^bich said delay circuit includes an 
30 jAectronic tube, having a control electrode 
thereof including a capacitance to delav 
the rise m potential of the control elec- 

conduct as a result of an impulse from the 
35 S^W'^l ^^P^«e of positive 

^r^^ J ^y^^ *^ ^^^c* xecycUng 
data entering means. 

^ ^jt A' ^ apparatus according to anv one 
^ li^^ preceding Claims in wEich impulse 

di^^?!/"^"? ^^P^^^^ generate? are 

directed into respective elements of the 
totalizer over circuits selected by a dis- 
tributor imit under the control of a staffe 
46 conteol unit the latter bein^ opLable fn 

resK/^'^i^'r^' addifive entries in 
respect of each denomination of the multi- 
plier is completed to cause the distributor 
m Tl^, ^odify the selection^of the circuits 
50 30 that entries m respect of a next higher 
denominatioii of the multipHer are 
entered into the elements of the totalizer 
respectively of the next higher orders. 
i.e OA' ?PP^ra*tis according to Claim 
55 f54 in which the input circuits leadinff 
^to the totalizer elements from the di^ 
tributor nnit include unidirectional cur- 
rent carrying devices poled towards the 
iprmer to prevent potential changes occur- 
60 ring withm said elements from beiuff re- 
verted to the distributor unit. 
26. An apparatus according' to Claim 



^ m which the stage control iinif 'iohsists 
of- a-pluraliiry of electronic tubes/ iOiere 
being a tube m respect of each denomina- 65 
tton of the inultipUer, according to the 
capaci^of the apparatus, the tubes being 
adapted > be rendered c6hducfin| 
frni! response to signals received 
irom the multiplier unit as each denomi- 70 
^o^Tlif*^ calculation is com- 

pleted, thereby to control the distributor 
^^^^e.tlie latter to bring about the 
selective modification of the input circuits 
to the totalizer. 75 
27. An apparatus according to Claim 

gas-hlled tubes having control electrodes, 
and arranged so that conduction in one 
11/ ^T^f ^® tube next to be operated 80 
and so that the establishment of conduc- 
a tube extinguishes any other con- 
diieting tube the tu^e associated with the 
hrst stage being fired to prepare the 

operation and to control the 86 
distebutor unit to associate the denomi- 
national connections from the data enter- 
is? f^f^r^ ^'x^ corresponding elements of 
the totaliiier the tubes associated with the 
succeeding stages being rendered conduct- 90 
ing seriatim as the stages of calculation 
are completed thereby to control the dis- 
tributor iinit to bring about the succes- 
sive association of the said output connec- 
tions with the respective next Ingher order 95 

cS®^*^ of the totalizer at each stage, 
in oVx^ apparatus according to Cfahns 
19, 20 or 24, 26 or 27, in which the select- 
ing means of the multiplier unit com- 
prises a bank of circuit closing devices for 100 
each denomination of the multiplier each 
bank including a circuit closing contact 
set m respect of each digit in the denom- 
ination, the like contacts of the contact 
sets in each denominational bank being 105 
commoned to a connection from the stage 
control unit, whereas the other contacts of 
contact sets .having the same digital 
significance in the several banks are com- 
moned together and to a connection over UQ 
which the operation of the relevant elec- 
tronic device of the multiplier unit is con- 
trolled, the stage control unit being 
adapted to apply a potential to the com- 
nion coimections of the banks of selecting 116 
devices seriatim as the entries in respect 
of each denominational stage of the calcu- 
tion are effected, to cause the multiplier 
unit to control the data entering means in 
accordance with the denominational digitsl20 
of the multiplier in ascending order. 

29. An electronic calculating apparatus 
for obtaining products as a resuu of tiie 
repeated addfition of a multiplicand fac- 
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tor in accordance with a multiplier f acstor, 
substantially as described with ref wnce 
to the accampanyinff drawings." ' 



Dated this 21st day of March, 1947 
E. T. BEAVIS, . 
-Acting-lop-the Applicants. 
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